Utah State University

DigitalCommons@USU
All Graduate Theses and Dissertations

Graduate Studies

5-1977

Identification of Products Arising from the Metabolism of Cis-and
Trans-Chlordane by Rat Liver Microsomes in Vitro: Outline of a
Possible Metabolic Pathway
Alan Arthur Brimfield
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd
Part of the Life Sciences Commons

Recommended Citation
Brimfield, Alan Arthur, "Identification of Products Arising from the Metabolism of Cis-and Trans-Chlordane
by Rat Liver Microsomes in Vitro: Outline of a Possible Metabolic Pathway" (1977). All Graduate Theses
and Dissertations. 3286.
https://digitalcommons.usu.edu/etd/3286

This Thesis is brought to you for free and open access by
the Graduate Studies at DigitalCommons@USU. It has
been accepted for inclusion in All Graduate Theses and
Dissertations by an authorized administrator of
DigitalCommons@USU. For more information, please
contact digitalcommons@usu.edu.

IDENTIFICATION OF PRODUCTS ARISING FROM THE METABO LISM OF CIS- AND TRANS-CHLORDANE BY RAT LIVER
MICROSOMES IN VITRO:

OUTLINE OF A POSSIBLE

METABOLIC PATHWAY

by
Alan Arthur Brimfield

A thesis submitted in partial fulfillment
of the requirements for the degree
of
MASTER OF SCIENCE

in
Toxicology

UTAH STATE UNIVERSITY

Logan, Utah
1977

ii

ACKNOWLEDGEMENTS

My thanks are due to Professor Joseph C, Street for time,
patience and support, both moral and monetary, in the conception
and execution of this work and to my wife, Renee, for her support
and impatience in seeing that it was completed correctly.
I would also like to acknowledge the kind help and advice of
Stephen D. a n d Gretchen Schramm Wilson in preparation of the
manuscript and the graphics,

Alan A. Brimfield

iii

NOTE OF EXPLANATION

With the exception of the Appendix, this thesis is set down
in the form required for publication in th e journal Pesticide
Bioch e mistry and Physiology.
to the journal for publication.

The manuscript has been submitted

iv

TABLE OF CONTENTS
Page

ACKNOWLEDGEMENTS

.

ii

NOTE OF EXPLANATION

iii

LIST OF FIGURES .

v

LIST OF TABLES

vi

ABSTRACT • • •

vii

INTRODUCTION.
3

PROCEDURE

7

RESULTS ••
Cis -chlordane

7

Trans- chlordane

11

,

15

REFERENCES,

24

APPENDIX • •

27

DISCUSSION,

v

LIST OF FIGURES
Page

Figure

1.

Known or proposed structures for the chlordane
isomers and their metabolites identified in this
work: l. cis- chlordane 2. trans- chlordane
3 , oxychlordane 4. dichlorochlordene 7. heptachlor 8, l-chloro-2-hydroxychlordene chlorohydrin 9. dihydroheptachlor .

10

2.

The proposed routes of metabolism of cis- and
trans-chlordane in microsomal preparations from
induced rat liver. Structure (l-2) represents th e
comple te cis- and trans-chlordane molecules.
Metabolites are shown only as the five-member e d
ring portion ofthe molecule with the presence of
the hexachloronorborn e n e nucleus understood.
Metabolites proposed, but not actually found in
this o r other work, are designated w ith a
question mark (?) •

17

3,

The electron impact mass spectrum of th e
chlordanes .

29

4.

The e lectron impact mass spectrum of
oxychlordane • • .

30

5.

The electron impact mass spectrum of
di chlo rochlo rdene • •
. • • • •

31

6.

The e l ectron impact mass spectrum of
chlord ene chlorohydrin. • • • • . • •

32

7.

The electron impact mass spectrum of
hydroxychlordene • • • • • •

33

8.

The electron impact mass spectrum of
hydroxychlo rdane • •

34

9.

The e lectron impact mass spectrum of
dihydroheptachlor •
• • • • •

35

The e l ectron impact mass spectrum of
heptachlor
• • • • . • • • • • •

36

The electron impact mass spectrum of the
dihydrodiol of heptachlor . • •

37

10.
ll.

vi

LIST OF TABLES

Table
lA.

lB.

2.

3.

Page
Compounds in eluates from column chromatography of an extract from the in vitro
metabo li sm of cis-chlordane • • •

8

Compounds in eluates from column chromatography of an extract from the in vitro
metabolism of trans-chlordane • •

8

Detailed mass spectral data for compounds
previously unreported as metabolites of
chlordane or for which mass spectra have
not been published

9

Electron capture gas chromatographic identification of 1-chloro-2-hydroxychlordene
chlorohydrin and hydroxychlordene in column
fractions Ill from extracts of in vitro cisand trans- chlordane incubates

12

vii

ABSTRACT

Identification of Products Arising from the Metabolism
of Cis- and Trans-chlordane by Rat Liver
Microsomes In Vitro:

Outline of a

Possible Metabolic Pathway
by
Alan Arthur Brimfield
Utah State University,

1977

Major Professor: Dr, Joseph C. Street
Departme nt: Interdepartmental Program in Toxicology

The metabolism of pure cis- and trans- chlordane was studied
in vitro.

Microsomal preparations from the livers of male rats

induc ed with cis- or trans-chlordane in feed for ten days were used
to metabolize the pure compound corresponding to the inducer.
Subsequent extracti on, column fractionation and combined gas
chromatography-mass spectroscopy resulted in the characterization
of four compounds not previously reported from an in vitro system.
In addition to the substrate, trans-chlordane extracts contained species with the following molecular weights and empirical
formulae: m/e 370, c H Cl , heptachlor; m/e 352 , c H 0C1 ,
6
10 6
10 5
7
a hydroxylated chlordene; and m/e 422, c H 0C1 , a hydroxylated
10 6
8
chlordane. Dichlo rochlo rdene, oxychlordane and 1- chloro- 2 -hydroxychlordene chlorohydrin were also present,

With the exception of

the hydroxychlordane and heptachlor, cis - chlordane extracts contain ed all of the metabolites found in the trans-incubates.
ally, a fully saturated compound m/e 372,
heptachlor, was present.

c

H

Addition-

c1 , a dihydro-

10 7 7
The 1, 2-trans-dihydrodiol o f heptachlor

viii
found in previous in vitro incubates of cis-chlordan e was n o t
pr e s e nt in this extract.
This information has been incorporated into a proposed route
for th e biotransformation of the chlordanes that offers an explana tion for the observed differences in the m e tabolism of cis - and
trans-chlordane .

Th e pathway is based on the r e ductive dechlori-

nation of the chlordanes through dihydroheptachlor to dihydrochlordene.

Parallel pathways of hydroxylation, desaturation and epoxide

f o rmation arise at each o f th ese s pecies and at chlordane itself.
Th e trans-isomer is predominantly desaturated or hydroxylated
while th e cis-isomer mainly und e rgo es d e halog e nation.

(37 pages)

INTRODUCTION
The metabolism of chlordane has been a topic of interest for
som e tim e because of the compound's persistence and th e subsequ e nt exposure of nontarget organisms to its residues.

In vivo

studies have shown that expe rimental animals eliminate pur e
chlordane isomers as hydroxylated m e tabolites and conjugates in
urine and feces (1, 2).

However, the use of in vivo techniques is not

without drawbacks since such methods superimpose th e effec ts of
dig es tive tract physiology and microbiology on the hepatic m e tabolism o f xenobiotics.

This makes primary hepatic metabolism

indistinguishable from total in vivo metabolism and causes uncertainty about the origins of transformation products.

This problem

is avoided b y working in vitro.
In vitro work carried out in our laboratory led to th e know-

l e dg e that the metabolism of cis- and trans-chlordane 1 by post
mitochondrial supernatant from rat liver l ea ds to an epoxide,
oxychlordane (3, fig. 1 ), probably via the oxidized inte rm e diate
dichlorochlorden e (4, fig. 1) (3).

Other work in the same in vitro

system showed that 14 C-tran s-chlordane yielded f ewer polar
metabolites than the cis - isomer.

1- chloro-2-hydroxychlordene

chlorohydrin (8, fig. 1) was identified as o n e of th e m e tabolites
arising from tran s-chlordane in this system (4).
This paper presents th e results of combined gas chromatog raphic-mass spectral studies on extracts on an in vitro chlordane
incubation carried out in washed rat liver microsomes.

The pur-

pos e of this study was to develop a gas chromatographic method for

1
Cis- chlordane; 1-exo, 2-exo, 4, 5, 6 , 7, 8, 8-octachloro-3a, 4
7, ?a-tetrahydro-4, 7 -methanoindane . Trans-chlordane; 1 -exo ,
2-endo, 4, 5,6, 7,8, 8-octachloro-3a,4, 5,5a-tetrahydro-4, 7methanoindane.

2

quantitating the metabolites of chlordane as th e foundation for
further research into th e mode of action of the liver microsomal
xenobiotic - metabolizing enzymes on isomers of chlordane,

3

PROCEDURE
Male Sprague-Dawley rats were allowed free access to ground
laboratory diet containing 100 ppm of pure cis- or trans-chlordane .
This was done to induce the liver microsomal enzymes specifically
responsible for the metabolism of chlordane.

After nine days of feed-

ing and one day of starvation, the animals were killed w ith ether and
the livers were excised and minced with scissors .

Homogenization

was carried out in cold 1.15o/o KCl (1:4 w/v) in a Lourdes homogenizer
at 70% of full power for 1. 5 min.

Following homogenization, the

tissue was centrifuged at 10,000 x g and 4° C for 15 min.

The super-

natent was decanted from the pellet and centrifuged at 85, 000 x g for
one hour to collect the microsomal fraction (5).

Microsomes from

this centrifugation were then r<>suspended in aJt a ppropriate volume o f
fresh diluant and recentrifuged at 85, 000 x g for one hour to obtain
washed microsomes.

The purpose of washing was to remove adher ing

soluble enzymes and glutithione.

Assay for glutathione by the method

of Beutler, et al. (6) showed no detectable glutathione present after
the washing step.
Incubation was based on the procedure reported in LaDu, et al.
(7) as modified by Shenkman, et al. (8).

Six hundred twenty-five ug of

the chl ordane isomer corresponding to the compound used as an inducer were added to a 25 ml incubation flask in acetone (50 ul at 12. 5
ug/ul).

The acetone was driven off with N 2 and 0. 2 ml of ethyl cello Final incubation volume was

solve and a large glass bead were added.
4. 5 ml per flask.

This consisted of 0. 5 ml of 0. 07 M glucose-6-

phosphate in a 0. 24M Mg S04 solution, 0 . 5 ml of 0. I M potassium
phosphate buffer at pH 7. 4 containing 2 units of glucose - 6-phosphate
dehydrogenase and 1. 5 ml of the phosphate buffer containing NA DP,
3 . 67 mM.

The volume was adjusted to 3. 5 ml by adding 0. 8 ml of

buffer and the flasks, so charged, were placed in a metabolic shaking
incubator at 37° C with 0 2 gassing for 5 min.

At the end of this

4
period the incubation was started by adding 1. 0 ml of th e microsomal
preparation to each flask.

Incubation was for 0. 5 hours and was t e r-

minated by the addition of 10 ml of hexane:isopropyl alcohol (3:2 v/v)
to each flask,

A typical run for th e purpose of metabolite r e cov e ry

consisted of 144 flasks.
After termination of the incubation, the contents of the flasks
wer e pooled and extracted with diethyl ether containing l. 5% isoamyl
alcohol.

After sodium sulfate drying and volume reduction, the ex-

tracts were taken to dryness over low steam under a stream of dry
nitrog e n and imm e diately taken up in 10 ml of petroleum e ther bp 30-

600

c.
A dry bed column (12 mm I. D., glass) containing 10 g of

neutral alumina deactivate d by th e addition o f water (lO o/o, v/w) was
prepared and washed with several void volumes of di e thyl ether:metha nol (9: l, v /v) followed by p etro leum e ther.

The l 0 ml petrol e um

ether extract was added at this point and the column was e luted with
petrole um ether follow e d by diethyl e ther:m e thanol (9:1, v/v).
25 ml fractions w ere co ll ecte d.

Seven

Portions of these were diluted for

electron capture gas chromatography and concentrated for combined
gas chromatography-mass spec troscopy.
Gas c hromatography was performed on a Microtec MT 220 gas
chromatograph with temperature programming capability (Tracor,
lnc., Austin, Tx. ).

The column used was a 55 em x 0. 2 em I. D.

glass co lumn containing 5% OV 101 (Applied Science Laboratories,
State Coll ege , Pa.) on silanized, acid washed Anakrom ABS (Analabs,
lnc,, North Haven, Ct.) 80/90 mesh.

Nitrogen carrier gas flow was

maintained at 21 ml/min. with an inlet pressure of 40 psi.
tron capture detector purge gas flow rate was 60 ml/min.

The elecTh e inlet

t e mperatur e was 250° C and the detector temperature was 300° C.
The use of high purity solvents especially prepared f or gas c hromatog-
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raphy allowed the use of temperature programming with th e electron
capture detector.
Silylation of co lumn e luates and standard compounds, when necessary, ·was performed with Sil Prep (Applied Science Laboratories,
State College, Pa. ).
out the procedure.

All glass conditions were maintained throughTest tubes were washed with soap and water

followed by acetone and dried under a stream of nitrogen.

One-half

milliliter of the silylation reagent was added to the tubes, shaken
and discarded.

The tubes were then rinsed with hexane followed by

the addition of 250 ul of th e alumina column eluate or a standard
solution of the compound of interest.

This was dried under a stream

of nitrogen and 1. 0 rnl of Sil Prep was added.

The tubes were

stoppered, shaken and allowed to incubate 'lt r'J orn temperature.
After 30 min . the contents were dilute d with gas chromatographic
grade cyclohexane and injected.

Solvent blanks, run with each

silyla tion, showed no significant electron capturing peaks.
Gas chromatography-mass spectroscopy was performed on a
Hewlett-Packard 5982 quadrapole mass spectrometer e quipped with a
2100 S Microprograrnrnabl e Systems Computer, data handling software and a Hewlett-Packard 5710 A gas chromatographic inlet
(Hewlett-Packard Corporation, Palo Alto, Ca.).

The column used

was a 53 ern x 0. 2 ern I. D. glass column packed with 5% OV 101
plus 0. 2 % Carbowax 20M on Chrornosorb W 100/120 mesh (HewlettPackard Corporation, Palo Alto, Ca.).
35 rnl/rnin.

Helium carrier gas flow was

The injector temperature was h e ld at 200° C.

Analysis

was carried out isothermally at 170° C for 4 min. and then programm e d from 170° to 230° Cat 8° C /rnin.

The elapsed tim e of

analysi s varied from 5 to 25 min., dep e nding on the sample.

A glass

jet separator joined th e gas chromatographic inlet to th e mass
spectrome t er .

The pr e ssure across the separator was maintained at

6
0. 8 torr.

The mass spectrometer was run in the electron impact

mode at 70 ev. with the source temperature at 160° C and an ion
source pressure of 3 x 10-6 torr,

7
RESULTS
The combined gas chromatographic-mass spectral studies were
performed on the 25 ml fractions collected from neutral alumina column chromatography ,

Th ese fractions provide the framework for the

presentation of the results of these studi e s .

Tentative identification

of all compounds identified by combined gas chromatography-mass
spectroscopy is given in Table l.

Detailed mass sp e ctral data for

compounds that ar e previously unreported as chlordane metabolites or
for which no spectra have been published are given in Table 2, 2
Known or proposed structures for the mol ec ules under discussion are
presented in Figure l.
Cis- Chlordane
Fraction I (petroleum e th e r) from th <.: cu lumn chromatography of
the cis-chlordane e xtract co ntaine d th e bulk of the unmetabolized cischlordan e (1, fig. 1 ), dichlorochlordene (4, fig. 1) and a compound
that had a retention time s lightly l ess than that of cis-chlordane on U1 e
OV 101 gas chromatographic column,

This third compound gave a

mass spectrum consistant with a saturated methanoindene d e rivative
co ntaining seven chlorines.

D etai l ed analysis of the mass spectrum

of this compound l e d us to co n c lud e that it was o n e of th e dihydroh e ptachlors (9, fig. 1 ).
None of the e poxid e metabolite, oxychlordane (3, fig, 1 ), was
appar e nt in this fra c tion during gas c hromatography-mass spectros copy, but r e analysis u s ing the mor e sensitive e l ec tron capture gas
chromatography confirmed its pr esenc e in low concentration.

2D e tailed mass sp ec tra of h e ptachlor and the chlordan e s can be
fo und in refer e nc e 9 . Tabulated mass spectra l data for oxychlordane has been published in r e f ere nce 10. Th e mas s
spectrum of 1-hydroxychl ordene ca n be found in r e f erence 11.
Corrected mass spectra for all compounds repor ted h e r e are
presented in the Append ix p. 27.

8

Table lA. Compounds in Eluates from Column Chromatography of
an Extract from the~ Vitro Metabolism of Cis- Chlordane, a

Empirical
Formula

Compound

Molecular
Weight

G LC Retention
Time (min.!

Column Fraction
25 m1

1.

Cis-chlordane

C10H6 C18

406

2, 7

2.

Dichlorochlordene

C10H4C18

404

1.8

3,

Oxychlordane

c

420

2,1

4.

Dihyd rohepta chlo r

C10H7C17

372

2. 3

5.

Hydroxychlordene

c

H 0c1
6
10 6

352

2. 0

Ill

6,

Chlordene chlorohydrin c

H 0c1
10 7
7

388

3, 5

Ill

H 0C1S
10 4

All

Table lB. Compounds in Eluates from Column Chromatography of
an Extract from the In Vitro Metabolism of Trans- Chlorda n e , a

1.

Trans-chlordane

C10H6 CIS

406

2, 5

All

1. 8

I, II

2,

Dichlorochlordene

C10H4Cl8

404

3,

Oxychlorqane

c

420

2. 1

I, II

4.

Heptachlor

370

1, 3

Ill

H 0C1
8
10 4

CIOH5CI7

s.

Chlordene Chlorohydrin c

H 0C1
10 7
7

388

3, 5

III

6,

Hydroxychlordene

c

H oc1
10 6
6

352

z. 0

III

7,

Hydroxychlordan'!

c

H 0c!
8
10 6

422

4, 8

III

aGas chromatographic conditions outlined in the text.
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Table 2. Detailed mass spectral data for compounds previously
unr eporte d as metabolite s of c hlordane or for which mass spectra
have not been published, a

Known or probable
name, empirical
formula, and
molecular weight

Dichlorochlordcne

Retention
time
(min. )b
1, 8

Major peaks and their relative intensity. c

270(52. 0), 2.7Z(IOO, 0), 274(85. 3), 276(34, 2), 278{9. 0), 280(1, 1)

369{25, 2), 371 (56. 9), 373(53 . 3), 375(29. 5)377(9. 9), 279(1. 8)
-404(14. 4), 406(37. 8). 408 (41. 6 ), 410(2 7. 2), 412 {1 o. 5 ), 414 (2, 8)

Chlordenc Chlo ro hydrin

3. 5

270 (IS. 7), 272 (25 . 0), Z 74 (2 3. 2 ), Z 76 (11. 8), 278(3. 6)
353(48,1). 355(100.0}, 3 5 7 (74. 5), 359(34. 3), 36 1 (8. 7)

371 (3, 6), 3 73(7. 1 ), 375(7. 0), 377 (5. O)
388(5, 3), 390(12. 1), 392(10. 7), 394(5, 5)

Hydroxychlardcne

c

10

z. 0

cJ H o

270(11. 3), Z7Z(Zl. 6), 274{16. 5), 276(8. 7), 278(2. 4)

281 (33. 5), 283(38. 7), 285(18. 2), 287(4. 6)

6 6

3 16(27. 5), 318(48. 2), 320(41,4) , JZ2(15. 3), 324(2. 6 )

35Z

317(48.1), 319{100. 0), 3 21 (62. 0), 323(21. J ), 325(3 . 8)
No Parent Io n

Hydroxychlordane

4. 8

c 10 CI 8 H 6 0

.,

Dihydroheptachlor

Cl0Cl7H7

387(42. 8), 389(100,0), 391(92 .4), 393(45, 7), 395(17. 3) , 397(3. 5)
422(4, 6), 424{10. 0) , 426(11. 1 ), 428(4. 4)

z. 3

337 (45. 8), 339 (l 00. 0 ), 341 (77. 2), 343 (39. 3 ), 345 (8 . 9)
372(5, 9), 374(10. 7), 376(9. 5), 378(3. 2). 380(1. 8)

37Z

aCorrected mass spectra for all compounds r epo rted here are
presented in th e Appendix p. 27,
bGas chromatographic conditi o ns outlined in text.
cstatistical considerations in data co llection forced us to scan only
from 250-440 amu, so these spectra are not complete . Relative
percent abundancies for the 250-440 amu scan are given in
parenthesis.

Cl

N

Cl

·JIZ;J,.
Ci6 .

~

~

C~
b
Cl

Clb

c}P:;i</o
6

Cl

Cl

(I

[£7"'·--{tH Ci6 ~

~ (I

~'::

C}
b LQ ~ ~
Cb

d

d

Figure l. Known or proposed structures for the chlordan e isomers and their metabolites
id e ntified in this work: l. cis-chlordane 2. trans-chlordane 3 , oxychlorodane
4 . dichlorochlord e ne 5, hydroxychlordane 6, hydroxychlordene 7. heptachlor
8, 1-chloro-2-hydroxychlorde n e chlorohydrin 9. dihydroheptachlor,

.....
0
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Fraction II (petroleum ether) contained cis-chlordane and a slight
quantity of dichlorochlordene.
Fraction III (mixed; petroleum ether, diethyl ether-methanol
9:1 v/v) again showed the presence of parent cis-chlordane .

The

1-chloro-2-hydroxychlordene chlorohydrin (8, fig. 1) was also present in this fraction.

Its positive identification was based on compari-

son of its gas chromatographic retention time and mass spectrum
with that of a known standard.

Silylation and rechromatography on

gas chromatography confirmed this (Table 3).

A third compound,

which failed to show up on gas chromatography-mass spectroscopy ,
appeared in the electron capture gas chromatography.
corresponded in retention time to hydroxychlordene.

That peak
Its identity was

confirmed by comparison of its gas chromatographic retention time
with that of a standard compound both before and after silylation
(Table 3).
Combined gas chromatography-mass spectroscopy of column
fractions IV through VII only showed the presence of increasingly
smaller quantities of cis-chlordane.

Combination of the four fractions

and volume reduction to 1 ml still showed the presence of no peaks
other than cis-chlordane.

Mass spectra at significant retention times

and specific ion monitoring yielded no additional information.

It is

noteworthy that no evidence of the l, 2-trans-dihydrodiol of heptachlor
was found by any technique in these extracts.

This compound has

been detected by gas chromatography-mass spectroscopy in column
fractions from extracts of cis- chlordane incubates in previous work
using our in vitro system, but not consistently (12).
Trans- Chl ordane
Column fractions from the extract of the trans- chlordane incubates showed a pattern similar to the cis-fractions when subjected to
combined gas chromatography-mass spectroscopy.

Fraction I

(petroleum ether) contained unmetabolized trans- chlordane (2, fig. 1 ),

12

Table 3, EC-GLCa Identification of 1-Chloro-2-hydroxychlordene
Chlorohydrin and Hydroxychlorden e in Column Fractions III from
Extracts of In Vitro Cis- and Trans-Chlordane Incubations.

Retention Time Before
Silanization (min . )

Retention Tim e After
Silanization (m in.)

Trans- Chlordane

5,25

5. 25

Reference Standards

Cis- Chlordane

5 , 80

5, 80

Hydroxychlordene

3 . 75

4. 10

1- Chloro- 2 -hyd r o xychlord e ne
Chlo rohyd rin

6 , 30

7 , 60

3, 7 5

4, 10

Ci s-Ch l ordaue Extra ct
Column F ra ct i on III

Peak A
Peak B

5, 80

5 . 80

Peak C

6 .30

7 , 60

3, 75

4, 10

Trans- Chlordane Extra c t
Column F racti on III

Peak A
Peak B

5,25

5. 25

Peak C

6,30

7,60

aColurnn, 158 x 0, 2 ern g lass packed with 5, Oo/o OV-101 t 0. 5o/o
Carbowax on silanized a c id washed Anakrorn 80 /90 m e sh; co lumn
temperatur e , 195° C isothe rmal; inlet t emp e ratur e , 235° C;
e l e ctron capture detec t or t emperature 305° C; carrier gas flow
rate 42 rnl/rnin. N ; AFS 64 x lo-ll amps.
2
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oxychlordane and dichlorochlordene.

A small quantity of material

having the same molecular ion and mass spectrum as heptachlor (7,
fig. 1) was present in this fraction.

This was first assumed to re-

present a contaminant in the trans-chlordane that was used as substrate for the in vitro microsomal system.

Re-examination of the

substrate did show the pres e nce of a small amount of heptachlor
contamination (308 ppm).

However, quantitation and comparison of

quantities of chlordane and known chlordane -d erived material to
heptachlor in all seven column fractions gave a ratio of 175:1 (chlordane plus chlordane-derived material:heptachl or).

The ratio of

trans-chlordane to heptachlor in the substrate was 3, 250:1.

It is

concluded that heptachlor, or a compound very similar to it, is
a metabolite of trans-chlordane, albeit a minor one.

Fraction II

(petroleum ether) contained trans-chlordane, oxychlordane and
dichlorochlordene, but no other products.
Fraction III (mixed; petroleum eth er, diethyl ether-methanol
9:1, v/v) proved to be the one of greatest interest obtained from the
trans-chlordane extract.

It contained the parent compound plus

material giving six other gas chromatographic peaks on the total ion
current monitor.

The first of these eluted from the gas chromato -

graph before trans-chlordane.

Comparison of its mass spectrum

with a published spectrum of hydroxychlordene (6, fig. 1) (11)
showed excellent correlation in every respect except for the molecular ion peak which did not appear in our mass spectrum (see Table
2) .

A second peak, e luting after trans-chlordane, proved to be

1-chloro-2-hydroxychlordene chlorohydrin (also observed in
Fraction III of the cis-chlordane extract and confirmed by comparison of mass spectra and retention times with those from the cisextract).

A third compound eluted from the gas chromatograph

after the chlorohydrin.

It had a molecular ion of m/e 422, consis-

tent with an empirical formula of c

10

c1 H 6 0 (Table 2) .
8

This was

14
interpreted as a hydroxylated chlordane.

Th e remaining three

minor peaks had greater r e tention tim es than the hydroxychlordane,
but were not present in sufficient quantity to yield usable mass
spectra, eve n after th e application of computer averaging.

As in

the case of the cis-chlordane extract, analysis of the four
remaining column fractions provided no additional information .

15
DISCUSSION
This work was originally undertaken to develop a gas chromatographic quantitation procedure for the metabolites of cis- and
trans-chlordane.

Combined gas chromatography-mass spectroscopy

is a powerful tool in such a process.

In most cases it allows the

investigator to identify the components of a mixture resolved by gas
chromatography to the point of arriving at a molecular weight and,
ultimately, an empirical formula.

In the case of halogenated com-

pounds such as chlordane, one has the added advantage of using
theoretical isotope distributions to determine the exact number of
halogen atoms present on a given component of a mixture.

When the

history of such a mixtur e is known, as in the case of th e metabolites
of a well c haracterized starting material, th e only remaining ambiguity is the specific stereochemical configuration of the components.
Even this uncertainty yields, to some extent, when fragmentation
patterns for a series of known cogeners can be compared and
analyzed.
Previous studies of the electron impact mass spectral behavior
of the methanoindene derivatives have shown that the main modes of
fragmentation of these compounds are the loss of HCl and Cl and
retro-Diels-Alder collapse of the carbon skeleton (9,ll). Surprising ly,
loss of oxygen and oxygen containing fragments, other than in the
retro-Diels-Alder decompositions, plays a relatively minor role in
the fragmentation of the epoxides and hydroxylated metabolites (11 ).
Due to the limitations in the rate at which spectra could be
recorded on the instrument used in this study and the small quantities
of material analyzed, the window width had to be limited to 200 amu
(vis., 250-450 amu) to provide statistically useful spectra.

For this

reason metabolite identification was based on the parent ion when it
was pr e sent, and those fragments that arose from the loss of Cl and
HCl plus combinations of these: P - Cl - HCl and P - Cl 2 •

The only
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retro- Diels-Alder fragment that was consistently found within the 200
amu window was hexachlorocyclopentadiene at m/e 270.

Mos t of the

fragments that result from retro-Di els -Alder collapse are in the
mass range from 70 to 250 amu (9).

Since these are th e fragments

that allow conclusions to be drawn about configuration, this was not
po ss ible with our data.

Fortunately, the information found in the

upper 200 amu of the mass spectrum was sufficient for m e tabolite
identification.
Our long term goal is, and has been, to e xplain th e divergence
in the hepatic metabolism of cis- and trans- chlordane in th e rat.

This

divergence manifests itself in vitro as the production of a larger
quantity of oxychlordane from trans-chlordane than from th e cisisom e r (13) and correspondingly more protein- bound material and
hydrophili c metabolit e s from cis- than from trans- (4, 12).

The results

of th e present study have b ee n doubly helpful in explaining this
ph enomenon.

Based on th e combined gas chromatography-mass

spectroscopy work, we ar e now well along toward a gas chromatographic quantitation proc e dure for the metabolites o f th e chlordanes,
Additionally, we have formulated a working hypoth es is t o explain the
observed divergenc e in chlordane biotransformation.
This hypoth esis is in the form of a proposed pathway for
chlordane metabolism and is based on a rational synthesis of our
results and the results of thos e who have studied cyclodiene metabolism in the past (figur e 2).

As the figur e shows, a molecule of

chlordane can follow one of three courses during hepatic microsomal
metab o lism.

It is e ither imm e diately hydroxylated at the thr ee

position t o give hydroxychlordane (3, fig. 2), desaturated to dichlorochlordene (4, fig. 2) prior to e poxidation, o r it proc eeds through
reductive dehalogenations to give dihydroheptachlor and dihydrochlordene (6 and 11, fig. 2).

The dehalog e nat e d molecules can th e n

participate in th e pathways of hydroxylation, or d esaturation and
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epoxidation, or both that parallel the formation of dichlorochlordene
and oxychlordane from chlordane,

Presumably, the major route

taken by a given chlordane isomer is determined by whether the
chlorine at position 2 is exo (cis) or endo (trans),

The trans-

isomer is predominantly desaturated or hydroxylated while the cisisomer is dehalogenat<id as its major mode of biotransformation,
Ignoring the cis-trans isomerism for a moment, the chlordanes
as an e ntity pose a unique situation among the insecticides of the
cyclodiene family,

The chlordanes, along with nonachlor, the dihy-

droheptachlors and dihydrochlordene, are the only members of the
family that present a fully reduced structure to the hepatic xenobio tic
metabolizing enzymes,
of this group

~ uch

The other commonly encountered members

as heptachlor, aldrin, h <' p la chlor epoxide and

dieldrin contain e ither a double bond or an epoxidized double bond in
addition to the double bond found universally in the hexachloronorbo rnene nucleus,

As a result of this saturation, the hepatic metabolism

of the chlordanes requires an additional step : the insertion of a
double bond,

Street and Blau (3) recognized this and proposed that

th e desaturation was the rate limiting step in oxychlordane production
in th e rat.
The effect of the absence of the double bond in the metabolism
of the methanonaphthalene derivatives, aldrin and 6, 7 -dihydr o;_ld rin,
was investigated by Brooks (14),

He subjected these compounds to

metabolism by pig liver microsomes in the presence of NADPH

and
2
oxygen and found that, in the absence of the double bond, dihydroaldrin

was hydroxylated at the 6 position.

Aldrin, on the other hand, was

oxidized to its epoxide m e tabolite, dieldrin,

Other work allows the

same comparison between the methanoindene derivatives heptachlor
and dihydroheptachlor,

The majority of heptachlor fed to rats and

rabbits was isolated from the fat, organs, urine and feces as an
epoxide (15).

But, when the metabolism of alpha-dihydroheptachlor
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in pig liver micro somes was investigated, mostly hydroxylated metabolites were produced (16).

It seems clear, based on this information,

that the oxidation state of cyclodienes, external to the hexachloronorbornene nucleus, has a profound effect on their mode of metabolism ,
That is, double bonds become epoxidized while the corresponding
saturated sites are hydroxylated,
Two additional paths, desaturation and dehalogenation, compete with epoxidation and hydroxylation for the fully reduced cyclodienes at various points in their metabolism by mammalian liver,
Desaturation is well documented as a mode of metabolism for
chlordane, both isomers being transformed to dichlorochlordene (3),
But the products of the desaturation of the less highly chlorinated
methanoinden e derivatives, the dihydrohepta chlors and dihydrochlordene, have not been reported,
Nevertheless, evidence of such metabolites does exist,

A

desaturated metabolite was isolated and identified from the in vitro
biotransformation of gamma-dihydroh eptach lor in pig liver microsomes (16).

The metabolite, 3-hydroxychlordene , was of interest at the

time because it was hydroxylated, but it also contained a double bond,
None of the metabolites identified in incubates from alpha- and betadihydroheptachlor, investigated in the same study, was desaturated,
but in each case chlorinated hydrocarbons were produced that chromatographed with the parent compound and were not identified,

Any

desaturated non-oxygen containing compound would have fallen into
this uninvestigated group, for the non-hydroxylated, non-epoxidized,
desaturated metabolites of the saturated methanoindenes are very
similar to their saturated parent compounds in polarity and chroma tographic behavior,

A case in point is the chromatographic behavior of

di chlorochlordene with respect to chlordane,

These two compounds

travel together in many chromatographic systems including the
neutral alumina column used in this work.

So, the likelihood is that
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desaturation participates, to some extent, in the metabolism of all the
saturated methanoindenes.
Dehalogenation, as a discrete mode of metabolism, so far has
not been reported for cyclodi e nes.

Heptachlor and the 1-chloro-2-

hydroxychlordene chlorohydrin found in this work probably arise as
the result of dehalogenation reactions follow ed by an additional mode
of biotransformation such as hydroxylation or desaturation.

The

literatur e abounds with other examples of dehalogenated metabolites
arising from just such a sequence of metaboli c transformations (15,
16, 17).

The difficulty, until now, seems to have been in finding de-

halogenated metabolites that had not been otherwise metabolized prior
to isolation.

The identification of a small quantity of a dihydrohepta-

chlor from the in vitro metabolism of cis- chlordane strongly suggests
that dehalogenation participates in the biotransformation of the reduced cyclodienes in and of itself and not as a concerted step that
occurs with hydroxylation or desaturation.
entirely novel one.

This suggestion is not an

It has be e n known for som e time, for example,

that DDT is converted to its reduced dehalogenated metabolite DDD in
liver in vivo (18), and in vitro (19, 20).

The NADPH , 0 dependent
2
2
reductive dehalog e nation of I, I, 2-trichloroethan e has been described
(21 ).
The final mode of cyclodiene metabolism that should be con-

sidered is the hydrolytic cleavage of epoxides.

This reaction involves

the ruptur e of the oxirane ring of cyclodiene e poxides by the microsomal enzyme hepatic epoxide hydratase (dihydrodiol hydro-lyase
(a rene-oxide-forming), E. C. 4. 2.1. 64) (22).

The reaction is stereo-

specific, always yielding trans-dihydrodiols, and is independent of
molecular oxygen and NADPH

(23, 24). No evidence has been found
2
to indicate an interaction of this enzyme with oxychlordane despite
attempts to show such an interaction, but the cleavage of heptachlor
epoxide, the epoxide of chlordene and epoxides of various methano-
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naphthal e ne derivatives is well documented {24).

It is possible that

the endo-chlorine on carbon number 2 of oxychlordane preve nts its
interaction with epoxide hydratase.

Our finding of a dihydrodiol of

heptachlor {10, fig. 2) from cis-chlordane as well as the report of
a six chlorine containing diol from an in vivo study of chlordane
metabolism {1) provides evidence that epoxide hydratase is involved
in chlordane metabolism via the epoxides of heptachlor and chlordene.
Epoxidation, hydroxylation, desaturation and epoxide cleavage
are well established routes of cyclodiene metabolism .

In the light of

the identification of a dihydroheptachlor reported here, discrete
dehalogenation cannot be ignored as a possible additional direction by
which biotransformation can proceed.

Based on these paths of metab-

olism and the metabolites reported from thi s and previous studies of
chlordane metabolism, it is possible to rationally construct a complete pathway for chlordane biotransformation in mammalian liver up
to the point of conjugation.
Such a pathway is shown in figure 2.

The pivotal point in this

proposed route is the dehalogenation reaction.

As each chlorine is

removed, transformation from chlordane {l-2, fig. 2) through dihydroheptachlor {6, fig. 2) to dihydrochlordene {11, fig. 2) occurs and a
new cycle of desaturation and epoxidation, and hydroxylation begins.
Semiquantitative comparison of the amounts of hydroxychlordane {3,
fig. 2) produced from chlordane versus the amount of 1-chloro-2hydroxychlordene chlorohydrin (7, fig. 2) produced from dihydroheptachlor indicate that dihydroheptachlor is a more favorable candidate for hydroxylation than chlordane.

So, it seems, that as each

chlorine is removed by dechlorination another site is open to hydroxylation and this reaction comes to compete more effectively with
desaturation for the available reduced substrate.

This situation

becomes extreme in the case of dihydrochlordene in which the hydroxylated metabolite, hydroxychlordene {14, fig . 2), was found but
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none of the parent compound,

In fact, the finding of this hydroxylated,

desaturated metabolite may be an indication that, in the case of the
completely nonchlorinated fiv e-membered r i ng, hydroxylation begins
to compete successfully with epoxidation for the desaturated substrate
as well as for the sa t urated dihydrochlordene,
Epoxide hydration, apparently, is also dependent on the degree
of dehalogenation,

This explains the fact that none of the dihydrodiols

reported as the result of chlordane metabolism contains more than
seven chlorine atoms (1, 12).

As mentioned above, the endo-chlorine

in position 2 on oxychlordane probably prevents its metabolism by
epoxide hydratase and leads to its role as the lipid storage form of
chlordane,

In the epoxides of dihydroheptachlor (9, fig, 2) and

dihydrochlordene (15, fig, 2), on the other haud, this position is
vulnerable to attack by epoxide hydratase leading to the r e porte d diols
(10 and 17, fig, 2) (23, 25),
Similarly, hydroxylation apparently cannot occur in the case of
oxychlordane for the same reason: the exo-chlorine atom on position
1 is covering the only "hydroxylatabl e" position on the five-memb e r ed
ring,

This follows from the fact that no hydroxyepoxide of ch lordan e

has been reported,

The epoxide of dihydrochlordene does have a

reduced non- chlorine containing site at several positions.

As a

result of this, hydroxylation is a possible metabolic alternative and a
hydroxyepoxide (16, fig. 2) has, indeed, been reported from this
compound (15, 24),
In addition to outlining a possible overall route to explain the
metabolism of chlordane, the proposed pathway provides a basis for
explaining the divergence in the metabolism of cis- and trans- chlordane,
On e can speculate that the orientation of the chlorine atom on ca rbon 2
of the chlordane molecule influences th e tendency for desaturation
(trans) or dechlorination (ci s ) mechanisms,
presented in figure 2 illustrat es this concept.

The suggested pathway
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Regardless of the intellectual app eal of such a pathway and th e
circumstantial evi dence that can be gath e r ed in its fa vor , as l ong as
th e m echanism of th e micros o mal mixed function oxidas es remains
ob scur e , the origin of th ese metab o lites is a matter of speculation.

It is reasonable from the point of vi ew of organic chemistry, for

example, to suggest that th e chlorohydrin of chlorden e (7, fig. 2)
aris es directly from cis-chlordane via nucleophilic substitution by
water on a carbonium ion intermediate in an Snl type reaction.

It is

equally plausible that trans-chlordan e could give rise directly to
h e ptachlor (8, fig . 2) by an E

mechanism in which the exo pro ton in
2
position 3 on the chlordane is abstracted causing the loss of Cl- in a
d ehydrohalogena tion reaction .
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APPENDIX

28
Space considerations in the journal format do not allow the
publication of blocks of data such as mass spectra.

For the sake

of completeness in this thesis, however, drawings of the spectra
of th e compounds under discussion have been included in this
appendix.
These spectra are by no means complete.

ln addition to the

fact that they reflect only those ions found between 250 and 450
amu, only major groupings derived from the compound of interest
are shown.

ln many cases overlapping gas chromatographic

peaks caused mixed spectra to be recorded.

At other times un-

known contaminants contributed to the mass spectra.

These types

of interfering peaks and peak groupings have been eliminated.

All

of the spectra shown here were recorded nn the Hewlett-Packard
5982 mass spectrometer.
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